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ABSTRACT 
Background: Acute spinal cord injury, a common cause of neurological dysfunction in humans and animals, impairs 
motor, sensory and autonomic functions and may result in permanent disability. Nandrolone decanoate (ND) is a steroid 
widely studied for its predominantly anabolic effect and low androgenic potential. Several researchers have described the 
positive interference of ND in neurological tissue, such as increased synthesis and release of neurotrophic substances, but 
to date no studies have evaluated the action of this steroid in acute spinal cord injury. The aim of this study was therefore 
to evaluate the effect of ND in rats subjected to acute spinal cord injury.  
Materials, Methods & Results: Thirty-two young adult Wistar rats (Rattus norvegicus), weighing between 240 and 260 g, 
were divided into three groups. The first group (GNAN) (n=13) was subjected to acute spinal cord injury and treated with 
ND; the control group (GCON) (n=13) was subjected to spinal cord injury without treatment; and the third group (GLAM) 
(n=6) underwent laminectomy without prior spinal cord injury, in order to control changes caused by the procedure. A 20 
g metal device was released from a height of 25 cm to produce the spinal cord injury. After exposing the spinal canal, a 
2-mm diameter metal rod was placed directly in contact with the spinal cord, and when the weight was released, the rod 
was struck, causing the spinal cord injury. An intramuscular injection of 2 mg/kg of ND was administered the immediate 
postoperative period. The animals were assessed to ascertain the recovery of their motor function on five occasions, namely 
at 24 h, 48 h, 72 h, 7 and 14 days after undergoing spinal cord injury. This assessment was performed using the Basso, 
Beattie and Bresnahan (BBB) model. The animals were euthanized 14 days post-op and fragments of the spinal cord and 
urinary bladder were collected for histological evaluation.  
Discussion: The animals subjected to spinal cord injury presented paraplegia, failing to score on the BBB scale in the 
first three assessments. Starting 7 days after surgery, the GNAN (0-13) and GCON (0-5) groups gradually began showing 
locomotor improvements, with scale variations. On day 14 after spinal cord injury, 22% of the animals in GNAN and 11% 
in GCON had failed to recover their locomotor function, scoring zero on the BBB scale. After spinal cord injury, all the 
animals showed urine retention. The urinary function returned on average on day 5 post surgery, with no significant dif-
ference between the groups. The locomotor assessment of the animals subjected to acute spinal cord injury revealed that 
the injury varied in intensity in GNAN and GCON, with signs of pelvic limb paraplegia and asymmetric non-ambulatory 
paraparesis. Time was a determining factor in the clinical evolution of the animals, with no evidence of the influence of 
ND. The histological findings revealed variations in the intensity of the injury, with a tendency for lower intensity in the 
cranial and epicentral segments of the lesion in the animals subjected to ND treatment, albeit without statistically significant 
evidence (P ≥ 0.05). The spinal cord assessments of the GLAM group indicated that the surgical procedure did not cause 
histological alterations, since the normal architecture of the neural tissue was preserved. The histopathological evalua-
tions of the urinary bladder revealed an inflammatory response characterized by lymphohistiocytosis and neutrocytosis in 
the animals of GNAN and GCON, without interference of ND in the change (P ≥ 0.05). The method to elicit spinal cord 
injury reproduced functional, sensory and motor incapacity heterogeneously in rats. In the dose evaluated here, ND did 
not significantly influence the return of locomotor function and the intensity of spinal cord histopathological alterations.  
Keywords: animal models, spinal canal, neuroprotective drugs, steroids.  
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INTRODUCTION 
Spinal cord injuries cause neurological disor-
ders that impair motor, sensory and autonomic func-
tions, and may result in permanent loss of neurological 
function [6,16]. Current treatment options include 
surgical interventions for spinal cord decompression 
and stabilization. The goal of treatment is to enable 
neurological recovery in cases where the magnitude of 
the primary injury is below the threshold that renders 
it irreversible [1,2]. 
Acute spinal cord injury leads to neurological 
deficits primarily due to direct interruption of the 
neural pathways, and to secondary alterations resulting 
in low local blood flow, ischemia, and neuronal death 
[1].  The process of neurological recovery depends on 
synaptic plasticity in preexisting neuronal circuits, and 
on the formation of compensatory neural pathways [2]. 
Researchers have pointed out the need for studies to 
better characterize the mechanisms of neuronal pro-
tection, axonal regeneration and functional recovery 
after acute spinal cord injury [2,23]. 
Anabolic androgenic steroids are synthetic 
derivatives of the male hormone testosterone, one of 
whose main representatives is nandrolone decanoate 
(ND) [12]. Experiments with rats and rabbits subjected 
to peripheral nerve injury revealed that treating them 
with ND led to better motor and sensory recovery 
[13,22]. In view of the potential benefits of ND, the 
aim here was to make a histological evaluation of spinal 
cords and urinary bladders of Wistar rats subjected to 
acute spinal cord injury and treated with ND.  
MATERIALS AND METHODS
Animals and groups 
Thirty-two young adult male Wistar rats (Rat-
tus novergicus), weighing between 240 and 260 g, 
were supplied by the Central Vivarium of the Federal 
University of Paraná (UFPR) for this study. The ex-
periment was approved by the Ethics Committee on 
Animal Use (CEUA) of UFPR, under Protocol No. 
23075.211646/2017-07. 
The animals were divided into three groups: 
one group subjected to acute spinal cord injury and 
treated with ND (GNAN, n=13); a control group sub-
jected to spinal cord injury without treatment (GCON, 
n=13); and a third group subjected to laminectomy 
without spinal cord injury (GLAM, n=6).  
Surgical procedure and postoperative care  
The preanesthetic medication consisted of a 
combination of 2 mg/kg of midazolam (Dormiun®)1 and 
3 mg/kg of morphine (Dimorf®)2. Anesthesia was main-
tained with isoflurane (Isoflurano®)3 infusion in 100% 
oxygen. After shaving, local blockage and surgical-site 
antisepsis, a 2 cm surgical incision was made along the 
dorsal midline to expose the spinous processes of T8 to 
T12. The subcutaneous tissue and muscles were separa-
ted. The T10 spinous process and the distal half of the 
T9 spinous process were removed. A laminectomy was 
performed to expose the dura mater, in order to insert 
the metal rod of the impact device. This device, which 
releases a weight of 20 g from a height of 25 cm, has 
a rod head diameter of 2 mm (Figure 1). After placing 
the animal at the center of the impact device, the rod 
was inserted into the exposed spinal segment and the 
weight was released. The spinal cord injury was inspec-
ted, and hemostasis was performed whenever bleeding 
was found, after which the muscles and skin were sewn 
up in a simple interrupted pattern using non-absorbable 
nylon 4-0 suture (Nylon®)4.  
The animals were kept warm until they re-
covered their minimum temperature of 36ºC. They 
were then placed in boxes and monitored for urinary 
function, with bladder compression applied every six 
hours until complete recovery. The analgesic protocol 
was 5 mg/kg/b.i.d. of morphine (Dimorf®)2 administe-
red intramuscularly for three days. As a prophylactic 
antibiotic, 10 mg/kg/s.i.d. of enrofloxacin (Baytril 
5%®)5 was administered intramuscularly for five days. 
All the animals of this study received this treatment 
in order to avoid bias in the evaluations. The animals 
of GNAN received a single dose of 2 mg/kg of ND 
(Deca-Durabolin®)6 administered intramuscularly 
immediately post-injury.  
Motor assessment  
The motor assessment was performed after 
24 h, 48 h, 72 h, 7 and 14 days postinjury, using the 
BBB locomotor rating scale [3]. Total loss of motility 
of the pelvic limbs 24 h after surgery was a criterion 
of inclusion of the animals in the study. The animals 
were filmed and evaluated in an open field (0.8 m x 
1.5 m) for 5 min.  
Euthanasia and preparation of biological samples  
The rats were euthanized 14 days after under-
going spinal cord injury. They were first anesthetized 
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in a closed chamber system, using gauze soaked in 
sevoflurane (Anesevo®)3, causing rapid and effortless 
loss of consciousness. Then, after deep anesthesia was 
confirmed, the animals were decapitated. Necropsy 
was then performed and samples were collected from 
the spinal cord and urinary bladder. Spinal cord frag-
ments were taken from the epicenter, and from 3 mm 
in the cranial and 3 mm in the caudal direction of the 
lesion. The fragments were prepared using the hema-
toxylin and eosin (HE) staining protocol. 
Statistical analysis 
The GLAM group presented no spinal or blad-
der alterations and, in view of the absence of variability 
(constant parameter), its inclusion in the statistical 
analysis was considered unnecessary. The data were 
statistically evaluated using R 3.5.0 software and the 
nparLD package. The test results were considered 
statistically significant when the level of significance 
(P value) was less than 0.05 (P ≤ 0.05).  
The GNAN and GCON groups were evaluated 
and compared to each other. The recovery of spon-
taneous micturition was analyzed using the Mann-
-Whitney U-test. The temporal evolution of the BBB 
score was evaluated by means of the nonparametric 
ANOVA test. The variable of histological alteration 
of the bladder was compared using Fischer’s exact 
test, and the groups were compared using the Mann-
-Whitney U-test.  
RESULTS
Mortality rate in the study 
Two GCON animals died in the intraoperative 
period and two GNAN animals died 24 h after injury, 
corresponding to a mortality rate of 15.39%. The 
possible cause of death of these animals during the 
procedure was neurogenic pulmonary edema due to 
pulmonary congestion, found at necropsy. GNAN rats 
showed no macroscopic alterations at necropsy, and 
since the cause of death could not be clarified, these 
animals were excluded from the study.  
Locomotor evaluation 
The locomotor assessment consisted of moni-
toring the animals on five different occasions (24 h, 48 
h, 72 h, 7 and 14 days post-surgery). Four animals were 
excluded from the study, two from the GNAN group 
and two from the GCON, because they did not present 
a zero score on the BBB scale in the first locomotor 
evaluation after spinal cord injury. Thus, 24 animals 
remained in the study, nine each in the GNAN and 
GCON groups, and six in the GLAM group. 
The GLAM group scored 21 points on the 
BBB scale in the five locomotor assessments. As for 
the animals subjected to spinal cord injury, all of them 
scored zero points on the BBB scale in the first three 
assessments. Starting from the fourth assessment, on 
day 7 after surgery, the animals presented a variety of 
BBB scores. Partial motor recovery started on average 
seven days after injury, represented by 66.67% (n=6) 
of the individuals of both groups, with varying BBB 
scores. On day 14, only 22% of the animals (n=2) of 
the experimental group and 11.11% (n=1) of the con-
trol group had not recovered their locomotor function, 
scoring zero on the BBB scale. The statistical difference 
between the groups was not significant (P ≥ 0.05). Table 
1 describes the results of the locomotor assessment.  
Evaluation of the recovery of spontaneous micturition  
After undergoing spinal cord injury, all the 
animals (n=18) showed urine retention, and bladder 
compression was performed every 6 h until recovery of 
the function. This occurred on average five days after sur-
gery, starting on day 2 in both groups and ending on day 
9 in GNAN and day 10 in GCON, with no statistically 
significant difference between the groups (P ≥ 0.05).  
Histological evaluation of the spinal cord  
Histological changes in the spinal cord were 
evaluated based on criteria for spinal cord injury 
described in the literature, such as hemorrhage, chro-
matolysis, spongiosis, neuronal necrosis, astrocytosis 
and astrogliosis, Gitter cells, leuko- and poliomyelo-
malacia, identified in three segments of spinal cord, 
i.e., cranial, epicentral and caudal to the lesion. Scores 
were attributed according to the intensity of the lesion, 
as absent, mild (+, less than 30% of the affected area), 
moderate (++, from 30 to 70% of the affected area), and 
marked (+++, more than 70% of the affected area) [11]. 
In the histological evaluation of spinal cord, all 
the evaluated segments revealed absence of hematoma 
or any hemorrhagic alterations. Axonal injury was 
detected with central chromatolysis, spongiosis and 
neuronal necrosis. These changes were less intense in 
the cranial and epicentral segments of the lesion in the 
GNAN group (P ≥ 0.05).  
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All the animals that underwent spinal cord 
injury presented varying degrees of astrocytosis and 
astrogliosis, which were less intense in the cranial and 
epicentral segments of the lesion in GNAN (P ≥ 0.05). 
The epicentral portion of the lesion showed 
loss of normal architecture, with areas of white and 
gray matter indicative of necrosis, proliferation of Git-
ter cells and digestion chambers occurring frequently 
in all the animals of both groups. These cells were 
less intense in the cranial and epicentral segments of 
the lesion in GNAN. Leuko- and poliomyelomalacia 
intensity was also lower in the cranial segment of the 
GNAN animals. Moreover, polio-myelomalacia was 
also less intense in the epicentral portion of the lesion 
in the animals of this group (P ≥ 0.05).  
In this study, although individual analyses 
revealed lower intensity of lesions in GNAN, the 
injury sites and characteristics evaluated showed no 
significant differences between the groups (P ≥ 0.05). 
Histological evaluation of the urinary bladder  
The urinary bladder was assessed qualitatively 
to determine the absence or presence of inflammatory 
infiltrate and hemorrhage. Histopathological exami-
nation revealed inflammatory tissue response charac-
terized by lymphohistiocytosis and neutrocytosis in 
the animals of both groups subjected to spinal cord 
injury. The frequency of cystitis was 77.8% in the 
GNAN group and 55.6% in GCON, with no significant 
difference between the groups (P ≥ 0.05).  
DISCUSSION
Spinal cord injury was produced by applying 
20 g of weight with an impact force of 400 g/cm3 on 
the spinal cord, as described in the literature [10]. The 
model used here was effective in causing spinal cord 
injury, which was confirmed immediately after the 
trauma by the presence of edema, hemorrhage and loss 
of integrity of the tissue architecture. The first sign 
of spinal cord injury is edema of the nervous tissue, 
caused by capillary extravasation and parenchymal 
hemorrhage of white matter [23]. 
The animals subjected to spinal cord injury 
showed a mortality rate of 15.39%, and one of the 
causes was neurogenic pulmonary edema. The lite-
rature describes different mortality rates, with high 
rates closely related to the method of injury, impact 
intensity and severity of injury, and the main causes 
of death are neurogenic pulmonary edema and urine 
retention [8].  Neurogenic pulmonary edema can occur 
within 72 h after injury, due to excessive sympathetic 
activation and blood redistribution to the pulmonary 
vascular bed [8]. Patients with spinal cord trauma in 
the T3 to L3 region suffer from urine retention due to 
their inability to empty the bladder [9]. In this study, all 
the animals subjected to spinal cord injury underwent 
urine retention, with recovery of the function varying 
over time. No evidence was found of the influence of 
nandrolone decanoate on the time elapsed until the 
recovery of spontaneous urination. 
Figure 1. Impact device employed to produce experimental spinal cord 
injury in rats.  
Table 1. Representation of the median, minimum and maximum 
scores, and confidence interval (CI) obtained from the statistical 
analysis on the BBB scale, at the five occasions of locomotor 
evaluation of the GNAN and GCON groups. 
Median Min-Max CI
GCON BBB 24 h 0 0 - 0 0.0
BBB 48 h 0 0 - 0 0.0
BBB 72 h 0 0 - 0 0.0
BBB 7 days 3 0 - 13 7.0
BBB 14 days 7 0 - 20 11.0
GNAN BBB 24 h 0 0 - 0 0.0
BBB 48 h 0 0 - 0 0.0
BBB 72 h 0 0 - 0 0.0
BBB 7 days 1 0 - 15 1.0
BBB 14 days 7 0 - 20 13.0
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In the first three assessments, all the animals 
of this study presented paraplegia, scoring zero on the 
BBB scale. Starting from the fourth assessment, the ani-
mals presented a variety of scores, with signs of pelvic 
limb paraplegia, and asymmetric non-ambulatory para-
paresis. Experimental studies of spinal cord injury have 
described the occurrence of variations in neurological 
deficits in injuries caused by the same weight, possibly 
due to individual anatomical variations [18,20]. 
The BBB locomotor rating scale, which was 
used on patients subjected to laminectomy, revealed 
that the surgical technique does not promote loco-
motor deficits, since the animals in the group had the 
highest BBB score on the five occasions of locomotor 
evaluation. Both groups of animals subjected to spinal 
cord injury showed gradual improvement of locomotor 
function. Spontaneous recovery after spinal trauma 
has been reported, and stems from the functional re-
generation of axons that have remained intact inside 
damaged tissue [20].  The use of ND was not found 
to influence the BBB scores in this study. However, 
time was a determining factor in the evolution, with a 
significant improvement in the BBB score throughout 
the experiment, regardless of the treatment.  
The animals of both groups showed histolo-
gical changes in the urinary bladder characterized by 
lymphohistiocytosis. The use of ND did not show di-
rect antiinflammatory action in the presence of altered 
bladder function. 
Histological assessments of spinal cord 
segments revealed the absence of hematoma or any 
hemorrhage-induced alterations. Hemorrhagic areas 
are replaced by cystic cavitation surrounded by reactive 
astrocytes, beginning five days after injury, and act as 
a potent inhibitor of neuronal regeneration [17,19].  
All the spinal cord segments showed loss of 
neuronal integrity, indicated by the presence of cen-
tral chromatolysis and neuronal necrosis. Activation 
of phagocytic cells, such as Gitter cells, precedes the 
astrocytic reaction, and is involved in the inflammatory 
response [14]. Despite the tendency for lower intensity 
of Gitter cells and astrocytosis in the experimental 
group, the influence of ND in limiting these alterations 
could not be confirmed. 
Greater intensity of the lesion was found in 
the epicentral portion of the injury, which decreased 
in the caudal and cranial segments in all the animals 
with spinal cord injury. The group treated with ND 
showed lower intensity of lesions in the cranial and 
epicentral segments of the injury, but this tendency 
did not represent a statistically significant difference. 
Similar changes were described in a study with es-
trogen in spinal cord injury in rats [21]. There are no 
studies involving the use of ND to treat acute spinal 
cord injury.  
The absence of a significant influence of 
nandrolone decanoate on the intensity of the histol-
ogy alterations in spinal cord evaluated here may be 
attributed to the small number of animals or the non-
existence of a real difference. This justifies an increase 
in the experimental sample size to confirm individual 
tendencies that were not significant [7]. Moreover, to 
ensure more detailed results, the ideal situation would 
be to extend the period of observation, since time was 
a determining factor for the recovery of the animals 
in this study.  
The dose of ND used here was 2 mg/kg, admin-
istered intramuscularly, as described in the literature 
[15].  However, the optimal dose to elicit nerve regen-
eration has not yet been determined, and suggestions 
for its use for different purposes range from 1 to 10 mg/
kg [13]. Adverse effects caused by ND are often related 
to dosage forms, particularly dose and frequency [4]. 
Experimental studies with rats exposed to exogenous 
testosterone describe changes in social behavior and 
increased aggressiveness [5]. No such changes were 
detected in this study, possibly because the drug was 
administered in a single and low dose.  
Experimental models have been used to gain 
insight into the pathophysiology of spinal cord injury 
[3,6]. The animal of choice for this study was the rat, 
because it was considered the best experimental model 
in previous analyses, due to the characteristics of its 
spinal cord [7].  
Despite no evidence of ND interference in the 
clinical evolution of the animals, relevant histological 
changes were observed in the treatment group, and 
considering this promising neuroprotective properties, 
further studies are suggested, which may highlight ND 
as a potential therapy for acute spinal cord injury in 
animals and humans.
CONCLUSIONS 
The model of spinal cord compression injury 
reproduced severe functional, sensory and motor im-
pairment heterogeneously in rats. In the evaluated dose, 
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ND did not affect the recovery of locomotor function 
in rats subjected to spinal cord injury. Time was the 
determining factor for recovery of locomotor function. 
ND may interfere with the progression of secondary 
injuries resulting from acute spinal cord trauma, and 
therefore the need for further investigation of the 
mechanisms involved in neuroprotection, which may 
result in therapies that enable the recovery of animals 
and humans with spinal cord injury.
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